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DETAILED ACTION 

Claim Rejections • 35 USC §112 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 12 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Particularly, the claim to a multi-mode optical fiber comprising at least one 
section of single-mode optical fiber is indefinite. Any given optical fiber is either multi- 
mode or single-mode but cannot be both multi-mode and single-mode. 

Claim Rejections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
states. 

Claims 1. 10, 11, 17, 18. 28, 29, and 39 are rejected under 35 U.S.C. 102(b) as 
being anticipated by US Patent to Shoval et al., number 6.360,045. 

Regarding claim 1 , Shoval teaches a multi-mode optical fiber link (Figure 13) 
comprising: 

(a) a single-mode optical fiber (element 104) having an input that receives an 
optical signal for transmission through the multi-mode optical fiber link; 
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(b) a first spatial mode converter (126) having an input that is coupled to an 
output of the single-mode optical fiber, the first spatial mode converter conditioning a 
modal profile of the optical signal for propagation through a multi-mode optical fiber 
(column 9, line 20 - column 10, line 4); 

(c) a multi-mode optical fiber (128) having an input that is coupled to an output of 
the first spatial mode converter, the multi-mode optical fiber propagating the optical 
signal having the conditioned modal profile; and 

(d) a second spatial mode converter (130) having an input that is coupled to an 
output of the multi-mode optical fiber, the second spatial mode converter reducing a 
number of optical modes in the optical signal, wherein both the first and the second 
spatial mode converters increase an effective bandwidth of the optical signal 
propagating through an output of the second spatial mode converter (column 9, line 20 
-column 10, line 4). 

Regarding claim 10, Shoval teaches the limitations of the base claim 1. Shoval 
also teaches that an optical detector (114) that is butt-coupled directly to the output of 
the second spatial mode converter (column 9, line 20 - column 10. line 4). 

Regarding claim 11, Shoval teaches the limitations of the base claim 1. Shoval 
also teaches a second single-mode optical fiber (112) that is coupled directly to the 
output of the second spatial mode converter. 

Regarding claim 17, Shoval teaches the limitations of the base claim 1. Shoval 
also teaches that the second spatial mode converter reduces a number of higher-order 
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modes propagating through the output of the multi-mode optical fiber link (column 9, line 
20 -column 10, line 4). 

Regarding claim 18, Shoval teaches the limitations of the base claim 1. Shoval 
also teaches that the second spatial mode converter reduces a number of lower-order 
modes propagating through the output of the multi-mode optical fiber link (column 9. line 
20 -column 10, line 4). 

Regarding claim 28, Shoval teaches a multi-mode optical communication system 
(Figure 13) comprising: 

(a) an optical transmitter (102) that generates an optical signal at an output; 

(b) a first spatial mode converter (126) having an input that is coupled to an 
output of the single-mode optical fiber, the first spatial mode converter conditioning a 
modal profile of the optical signal for propagation through a multi-mode optical fiber 
(column 9, line 20 - column 10, line 4); 

(c) a multi-mode optical fiber (128) having an input that is coupled to an output of 
the first spatial mode converter at an interface, the interface exciting higher-order 
modes in the optical signal propagating in the multi-mode optical fiber (column 9, line 20 
- column 10, line 4); 

(d) a second spatial mode converter (130) having an input that is coupled to an 
output of the multi-mode optical fiber, the second spatial mode converter reducing a 
number of optical modes in the optical signal, wherein both the first and the second 
spatial mode converters increase an effective bandwidth of the optical signal 
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propagating through an output of the second spatial mode converter (column 9, line 20 
- column 10, line 4); and 

(e) an optical receiver (114) having an input that is coupled to the output of the 
second spatial mode converter, the optical receiver receiving the optical signal. 

Regarding claim 29, Shoval teaches the limitations of the base claim 28. Shoval 
also teaches that the transmitter generates the optical signal with relatively low time- 
varying phase and sideband information (column 9, line 20 - column 10, line 4). 

Regarding claim 39, Shoval teaches the limitations of the base claim 28. Shoval 
also teaches the receiver comprises an optical detector that is butt-coupled directly to 
the output of the second spatial mode converter (column 9, line 20 - column 10, line 4). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 2 and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Shoval in view of US Patent to DeCusatis, number 6,415,076. 

Regarding claims 2 and 33, Shoval teaches the limitations of the base claims 1 
and 28, respectively. Shoval does not teach that the first spatial mode converter 
comprises a modal conditioning patch that conditions the optical signal propagating 
from the single-mode optical fiber to a multi-mode optical signal for transmission 
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through the multi-mode optical fiber. DeCusatis teaches a modal conditioning patch 
(Figures 1-7). It would have been obvious to one of ordinary skill in the art at the time of 
the invention to implement the modal conditioning patch of DeCusatis in the first spatial 
mode converter of Shoval. The motivation would have been to increase transmission 
distances (DeCusatis. column 1. lines 15-28). 

Claims 3-9. 20. 21. 34. 35, and 44 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Shoval in view of US Patent to Cunningham et al.. number 
6^609.834. 

Regarding claims 3 and 4. Shoval teaches the limitations of the base claim 1 . 
Shoval also teaches that the input of the multi-mode optical fiber is coupled to the 
output of the first spatial mode converter at an interface (column 9. line 20 - column 10. 
line 4). Shoval does not teach that the interface couples a geometric center optical axis 
of the first spatial mode converter to a geometric center optical axis of the multi-mode 
optical fiber with a predetermined offset distance, wherein the predetermined offset 
distance is between about fifteen and twenty-five micrometers. Cunningham teaches 
an offset launch (Figures 3-7,9,12) with a predetermined offset distance of 18 
micrometers (column 7. lines 32-55). It would have been obvious to one of ordinary skill 
in the art at the time of the invention to include the offset launch of Cunningham in the 
multi-mode optical fiber link of Shoval. The motivation would have been to reduce back 

> 

reflection. 

Regarding claim 5. Shoval teaches the limitations of the base claim 1. Shoval 
also teaches that the input of the multi-mode optical fiber is coupled to the output of the 
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first spatial mode converter at an interface (column 9, line 20 - column 10, line 4). 
Shoval does not teach that the a center of a modal profile of the optical signal is 
launched from the first spatial mode converter into the multi-mode optical fiber at a 
position that is displaced a predetermined distance from a geometric center optical axis 
of the multi-mode optical fiber. Cunningham teaches an offset launch (Figures 3-7,9,12 
and column 7, lines 32-55) at a predetermined distance from a geometric center optic 
axis of the multi-mode fiber. It would have been obvious to one of ordinary skill in the 
art at the time of the invention to include the offset launch of Cunningham in the multi- 
mode optical fiber link of Shoval. The motivation would have been to reduce back 
reflection. 

Regarding claim 6, Shoval teaches the limitations of the base claim 1 . Shoval 
also teaches that the input of the multi-mode optical fiber is coupled to the output of the 
first spatial mode converter at an interface (column 9, line 20 - column 10, line 4). 
Shoval does not teach that the a center of a modal profile of the optical signal is 
launched from the first spatial mode converter into the multi-mode optical fiber at a 
position that is displaced a predetermined distance from a peak optical intensity profile 
in the multi-mode optical fiber. Cunningham teaches an offset launch (Figures 3-7,9,12 
and column 7, lines 32-55) at a predetermined distance from a peak optical intensity 
profile in the multi-mode fiber. It would have been obvious to one of ordinary skill in the 
art at the time of the invention to include the offset launch of Cunningham in the multi- 
mode optical fiber link of Shoval. The motivation would have been to reduce back 
reflection. 
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Regarding claim 7, Shoval teaches the limitations of the base claim 1. Shoval 
also teaches that the input of the multi-mode optical fiber is coupled to the output of the 
first spatial mode converter at an interface (column 9, line 20 - column 10, line 4). 
Shoval does not teach a predetermined non-zero angle between a geometric center 
optical axis of the first spatial mode converter and a geometric center optical axis of the 
multi-mode optical fiber. Cunningham teaches a predetermined non-zero angled launch 
(Figures 4-6,12 and column 7, lines 32-55 ) relative to a geometric center optical axis of 
the multi-mode optical fiber. It would have been obvious to one of ordinary skill in the 
art at the time of the invention to include the angled launch of Cunningham in the multi- 
mode optical fiber link of Shoval. The motivation would have been to reduce back 
reflection. 

Regarding claim 8, Shoval teaches the limitations of the base claim 1. Shoval 
also teaches that the input of the multi-mode optical fiber Is coupled to the output of the 
first spatial mode converter at an interface (column 9, line 20 - column 10, line 4). 
Shoval does not teach that the optical signal is launched from the first spatial mode 
converter into the multi-mode optical fiber at a predetermined non-zero angle relative to 
a geometrical center optical axis of the multi-mode optical fiber. Cunningham teaches a 
predetermined non-zero angled launch (Figures 4-6,12 and column 7, lines 32-55) 
relative to a geometrical center optical axis of the multi-mode optical fiber. It would 
have been obvious to one of ordinary skill in the art at the time of the invention to 
include the angled launch of Cunningham in the multi-mode optical fiber link of Shoval. 

■ 

The motivation would have been to reduce back reflection. 
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Regarding clainri 9. Shoval teaches the limitations of the base claim 1 . Shoval 
also teaches that the input of the multi-mode optical fiber is coupled to the output of the 
first spatial mode converter at an interface (column 9, line 20 - column 10, line 4). 
Shoval does not teach that the optical signal is launched from the first spatial mode 
converter into the multi-mode optical fiber at a predetermined non-zero angle relative to 
a peak optical intensity profile in the multi-mode optical fiber. Cunningham teaches a 
predetermined non-zero angled launch (Figures 4-6,12 and column 7, lines 32-55) 
relative to a peak optical intensity profile in the multi-mode optical fiber. It would have 
been obvious to one of ordinary skill in the art at the time of the invention to include the 
angled launch of Cunningham in the multi-mode optical fiber link of Shoval. The 
motivation would have been to reduce back reflection. 

Regarding claim 20, Shoval teaches a method of increasing an effective modal 
bandwidth of an optical signal transmitting through a multi-mode optical fiber (column 9, 
line 20 - column 10, line 4), the method comprising: 

(a) spatial mode converting (using special mode converter 126, Figure 13) an 
optical signal thereby reducing modal dispersion and increasing an effective bandwidth 
of the optical signal (column 9, line 20 - column 10, line 4); 

(b) launching the spatially mode converted optical signal into a multi-mode optical 
fiber (128); 

(c) propagating the spatially mode converted optical signal through the multi- 
mode optical fiber (128); and 
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(d) spatial mode converting (using spatial mode converter 130) the spatially 
mode converted optical signal propagating through the multi-mode optical, thereby 
further reducing modal dispersion and further increasing the effective bandwidth of the 
optical signal (column 9, line 20 - column 10, line 4). 

Shoval does not teach that the launching step is at an angle and a displacement relative 
to a geometrical center optical axis of the multi-mode optical fiber, the angle and the 
displacement being chosen to excite higher-order modes in the spatially converted 
optical signal propagating in the multi-mode optical fiber. Cunningham teaches a 
predetermined non-zero angled launch (Figures 4-6,12 and column 7, lines 32-55) 
relative to a geometrical center optical axis of the multi-mode optical fiber. Furthermore, 
Cunningham also teaches an offset launch (Figures 3-7,9,12 and column 7, lines 32-55) 
at a predetermined distance from a geometric center optic axis of the multi-mode fiber. 
It would have been obvious to one of ordinary skill in the art at the time of the invention 
to include the angled and offset launches of Cunningham in the method of Shoval. The 
motivation would have been to reduce back reflection. 

Regarding claim 21, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. Shoval also teaches a zero-angled, zero offset launch (column 9, line 20 
- column 10, line 4). 

Regarding claim 34, Shoval teaches the limitations of the base claim 34. Shoval 
does not teach that the interface couples a geometric center optical axis of the first 
spatial mode converter to a geometric center optical axis of the multi-mode optical fiber 
with a predetermined offset distance. Cunningham teaches an offset launch (Figures 3- 
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7,9,12 and column 7, lines 32-55) at a predetermined distance from a geometric center 
optic axis of the multi-mode fiber. It would have been obvious to one of ordinary skill in 
the art at the time of the invention to include the offset launch of Cunningham in the 
multi-mode optical fiber link of Shoval. The motivation would have been to reduce back 
reflection. 

Regarding claim 35, Shoval teaches the limitations of the base claim 34. Shoval 
does not teach that the interface couples a geometric center optical axis of the first 
spatial mode converter to a geometric center optical axis of the multi-mode optical fiber 
with a predetermined angle. Cunningham teaches a predetermined angled launch 
(Figures 4-6,12 and column 7, lines 32-55) relative to a geometrical center optical axis 
of the multi-mode optical fiber. It would have been obvious to one of ordinary skill in the 
art at the time of the invention to include the offset launch of Cunningham in the multi- 
mode optical fiber link of Shoval. The motivation would have been to reduce back 
reflection. 

Regarding claim 44, Shoval teaches a multi-mode optical communication system 
(Figure 13), comprising: 

(a) a means for spatial mode converting (using special mode converter 126, 
Figure 13) an optical signal, thereby reducing modal dispersion and increasing an 
effective bandwidth of the optical signal (column 9, line 20 - column 10, line 4); 

(b) a means for launching the spatially mode converted optical signal into a multi- 
mode optical fiber (1 28); 
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(c) a means for propagating the spatially mode converted optical signal through 
the multi-mode optical fiber (128); and 

(d) a means for spatial mode converting (using spatial mode converter 130) the 
spatially mode converted optical signal propagating through the multi-mode optical, 
thereby further reducing modal dispersion and further increasing the effective bandwidth 
of the optical signal (column 9, line 20 - column 10, line 4). 

Shoval does not teach that the launching means is at an angle and a displacement 
relative to a geometrical center optical axis of the multi-mode optical fiber, the angle and 
the displacement being chosen to excite higher-order modes in the spatially converted 
optical signal propagating in the multi-mode optical fiber. Cunningham teaches a 
predetermined non-zero angled launch (Figures 4-6,12 and column 7, lines 32-55) 
relative to a geometrical center optical axis of the multi-mode optical fiber. Furthermore, 
Cunningham also teaches an offset launch (Figures 3-7,9,12 and column 7, lines 32-55) 
at a predetermined distance from a geometric center optic axis of the multi-mode fiber. 
It would have been obvious to one of ordinary skill in the art at the time of the invention 
to include the angled and offset launches of Cunningham in the system of Shoval. The 
motivation would have been to reduce back reflection. 

Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Shoval 
in view of US Pre Grant Publication to Danziger et al., number 2002/01 18934. 

Regarding claim 19, Shoval teaches the limitations of the base claim 1. Shoval 
does not teach that at least one of the first and the second spatial mode converters 
comprises an optical filter. Danziger teaches an optical fiber link (Figure 4) comprising 
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a first and a second spatial mode converter (160), wherein the first spatial mode 
converter comprises an optical filter (50). It would have been obvious to one of ordinary 
skill in the art at the time of the invention to include the filter of Danziger in the mode 
converter of Shoval. The motivation would have been to reduce noise in the optical 
signal. 

Claim 25 is rejected under 35 U.S.C. 103(a) as being unpatentable over Shoval 
in view of Cunningham, further in view of US Pre Grant Publication to Phua et al., 
number 2003/01 18263. 

Regarding claim 25, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. Shoval in view of Cunningham does not teach that the spatially mode 
converted optical signal reduces changes in the effective modal bandwidth of the optical 
signal that are caused by polarization effects in the multi-mode optical fiber. Phua 
teaches a spatially mode converted optical signal which reduces changes in the 
effective modal bandwidth of the optical signal that are caused by polarization effects in 
a multi-mode optical fiber (page 3, paragraphs 32-35). It would have been obvious to 
one of ordinary skill in the art at the time of the invention to incorporate the teaching of 
Phua in the method of Shoval in view of Cunningham. The motivation would have been 
reduce dispersion due to polarization. 

Claims 30 and 31 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Shoval in view of US Pre Grant Publication to Forrest et al., number 
2002/0097941. 
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Regarding claims 30 and 31 , Shoval teaches the limitations of the base claim 28. 
Shoval does not teach that the transmitter comprises an electro-absorption modulated 
laser comprising a semi-conductor active layer that is chosen for operation without 
external cooling. Forrest teaches a transmitter comprising an electro-absorption 
modulated laser (page 7, paragraph 71) comprising a semi-conductor active layer 
(paragraph 10, pages 1 and 2) that is chosen for operation without external cooling. It 
would have been obvious to one of ordinary skill in the art at the time of the invention to 
include the electro-absorption modulated laser of Forrest in the transmitter of Shoval. 
The motivation would have been to increase the transmitter sensitivity (Forrest, page 7, 
paragraph 71). 

Allowable Subject Matter 

Claims 13-16, 22-24, 26, 27, 32, 36-38, and 40-43 are objected to as being 
dependent upon a rejected base claim, but would be allowable if rewritten in 
independent form including all of the limitations of the base claim and any intervening 
claims. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Regarding claims 13 and 36, Shoval teaches the limitations of the base claims 1 
and 28, respectively. However, Shoval does not teach that at least one of the first and 
the second spatial mode converters comprises a slit aperture. Moreover, Shoval, either 
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alone or in combination with tlie other prior art, does not disclose or render obvious a 
spatial mode converter comprising a slit aperture. 

Regarding claims 14 and 37, Shoval teaches the limitations of the base claims 1 
and 28, respectively. However, Shoval does not teach that at least one of the first and 
the second spatial mode converters comprises a pin hole aperture. Moreover, Shoval, 
either alone or in combination with the other prior art, does not disclose or render 
obvious a spatial mode converter comprising a pin hole aperture. 

Claims 15 and 16 depend from claim 14. 

Claim 38 depends from claim 37. 

Regarding claim 22, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. However, neither Shoval nor Cunningham teach the step of aperturing 
the spatially mode converted optical signal. Moreover, Shoval in view of Cunningham, 
either alone or in combination with the other prior art, does not disclose or render 
obvious the step of aperturing the spatially mode converted optical signal. 

Regarding claim 23, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. However, neither Shoval nor Cunningham teach the step of blocking the 
spatially mode converted optical signal. Moreover, Shoval in view of Cunningham, 
either alone or in combination with the other prior art, does not disclose or render 
obvious the step of blocking the spatially mode converted optical signal. 

Regarding claim 24, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. However, neither Shoval nor Cunningham teach that the spatially mode 
converted optical signal reduces changes in the effective modal bandwidth of the optical 
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signal that are caused by thermal variations in the multi-mode optical fiber. Moreover, 
Shoval in view of Cunningham, either alone or in combination with the other prior art, 
does not disclose or render obvious that the spatially mode converted optical signal 
reduces changes in the effective modal bandwidth of the optical signal that are caused 
by thermal variations in the multi-mode optical fiber. 

Regarding claim 26, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. However, neither Shoval nor Cunningham teach that the spatially mode 
converted optical signal reduces changes in the effective modal bandwidth of the optical 
signal that are caused by mechanical stress in the multi-mode optical fiber. Moreover, 
Shoval in view of Cunningham, either alone or in combination with the other prior art, 
does not disclose or render obvious that the spatially mode converted optical signal 
reduces changes in the effective modal bandwidth of the optical signal that are caused 
by mechanical stress in the multi-mode optical fiber. 

Regarding claim 27, Shoval in view of Cunningham teaches the limitations of the 
base claim 20. However, neither Shoval nor Cunningham teach that the spatially mode 
converted optical signal reduces changes in the effective modal bandwidth of the optical 
signal that are caused by optical fiber splices in the multi-mode optical fiber. Moreover, 
Shoval in view of Cunningham, either alone or in combination with the other prior art, 
does not disclose or render obvious that the spatially mode converted optical signal 
reduces changes in the effective modal bandwidth of the optical signal that are caused 
by optical fiber splices in the multi-mode optical fiber. 
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Regarding claim 32, Shoval in view of Fondest teaches the limitations of the base 
claim 30. However, neither Shoval nor Forrest teaches a semiconductor active layer 
that is chosen so that it is transparent to light propagating through the semiconductor 
layer when a zero or a reverse bias voltage is applied across the semiconductor layer at 
operating temperatures of the electro-absorption modulator that are substantially 
greater than 25 degrees Celsius. Moreover, Shoval in view of Forrest, either alone or in 
combination with the other prior art, does not disclose or render obvious the above 
further limitations. 

Regarding claim 40, Shoval teaches the limitations of the base claim 28. 
However, Shoval does not teach that the optical receiver comprises an active filter that 
reconstructs dispersed optical signals received by the receiver. Moreover, Shoval, 
either alone or in combination with the other prior art of record, does not disclose or 
render obvious a receiver comprising an active filter that reconstructs dispersed optical 
signals. 

Claims 41-43 depend from claim 40. 

Conclusion 

« 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jerry.Martin Blevins whose telephone number is 571- 
272-8581. The examiner can normally be reached on Monday through Friday. 



Application/Control Number: 10/707,729 



Page 1 8 



Art Unit: 2883 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Frank G. Font can be reached on 571-272-2415. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished appliciations is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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